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Jain’s Comment [1] raises two main points of interpretation about our results [2].
1) Jain’s first claim is that gapless (or power-law correlated) systems cannot be addressed
by finite size studies. This is not true. While we agree that finite size systems should
be larger than some correlation length, this does not necessarily rule out gapless or even
critical systems. A correlation length can be defined [3] as the scale at which correlation
functions approach their asymptotic behavior even if it is a power law. At finite sizes larger
than this scale, a power-law correlated quantum system will exhibit discrete energy levels
whose spacing scales as a power of size, and whose structure (scaled energies versus quantum
numbers) exhibits universal properties of the renormalization-group fixed point governing the
infinite system [4]. A well-studied example is the 1-dimensional antiferromagnetic Heisenberg
spin-1
2
chain. (In the usual examples, the low-energy excitations are at zero wavevector, while
in a Fermi liquid they are at kF , which makes the behavior as a function of size a little more
complex, but the principle is the same.)
We have studied [2] the sequence at Nφ = 2(N − 1) flux for N electrons on a sphere
for all N < 15, and shown that the structure of the low-lying levels, and the corresponding
wavefunctions, are what one would expect in the finite size version of the HLR theory [5].
Because the angular momenta of the ground states vary with N , we have not so far attempted
any scaling of gap sizes with 1/N1/2 as N → ∞, though it is clear that they decrease with
increasing size. Jain, at the beginning and end of his Comment [1], seems to assert that
an infinite system is required to study the compressible ν = 1/2 state. We believe that in
fact the relevant correlation length is of order one interelectron spacing, as for other simple
fractions such as ν = 1/3. Jain does not state how he would expect the finite size spectra of
a Fermi liquid of composite fermions to differ from what we see.
2) In the spherical geometry, sequences of finite sizes (N,Nφ) that represent finite size
2
approximations to a particular type of ground (or excited) state at some ν always have the
form Nφ = ν
−1N + C for some constant C, and so states that are nominally of different ν
may coincide at the same (N,Nφ) if they have different C’s. For two ground states that occur
at different ν for the same Hamiltonian, there is no inconsistency in principle in saying that
both interpretations are correct when they occur at the same (N,Nφ). The single spectrum
of the Hamiltonian of the system will evolve in different ways as one passes to larger systems
along the two distinct sequences of sizes. This occurs in the present studies at N = 9,
Nφ = 16 which simultaneously lies on (at least) three sequences: ν = 1/2 as specified above
[2], 3/7 and 3/5 [1]. Jain’s view is that because he favors the interpretation as part of the
latter two (!) [1], it cannot be part of the former. This is not valid for the reason just given.
Clearly, if one wishes to see the difference between the states, one must go to larger sizes,
as we did at 1/2 [2]. One cannot just assert that the system is incompressible by looking at
the spectrum at one size. Similarly all “filled shell” cases N = n2 coincide with one finite
size ground state at each ν = n/(2n ± 1). This is not inconsistent with our interpretation
or with the expected reduction of gap with increasing N , which is expected to go as 1/n in
these ν = n/(2n± 1) states [5] and as 1/N1/2 = 1/n in the Fermi liquid.
However, in terms of composite fermions, Jain’s physical picture seems implausible when
one recalls that at these sizes, as for all Nφ = 2(N − 1), the fermions see zero net magnetic
field. The wavefunctions are the spherical version of plane waves [2], not Landau level
functions as Jain states[1]. Hence, interpreting the N = 9 state as part of a 3/5 sequence
seems unnatural and finite size effects may be significant quantitatively at 3/5. Jain [1]
proposes that ν = n/(2n± 1) states should be studied at N ≥ n2 only; we suspect the true
criterion is N ≫ n2. This is supported by (i) the fact that our Fig. 3 [2] does not closely
resemble any spectrum in [6] and (ii) the failure of g(r)− 1 to decay exponentially [2] as it
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would in an incompressible state, so the correlation length in the 3/5 state must be larger
than this size. A separate argument, valid also in the periodic boundary condition geometry
(PBCG) where C is always zero, is that the natural correlation length at ν = n/(2n± 1) is
the cyclotron radius for a fermion at the Fermi surface [5], which diverges as n as ν → 1/2.
Systems of area ≫ n2 are then needed to see e.g. N -independent gaps, while smaller sizes
even at ν 6= 1/2 for PBCG will more closely resemble the Fermi liquid with gaps ∼ N−1/2.
Then for all filling factors ν = p/q considered here, the asymptotic behavior sets in for
N ≫ p2, which is well satisfied in our study at ν = 1/2 though not in Jain and coworkers’
N = 9, ν = 3/5 study [1].
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